There is concern that the increasing prevalence of type 2 diabetes may diminish improving trends in life expectancy. This study aimed to determine whether the mortality of type 2 diabetes, relative to mortality in the general population, is remaining constant. The study included a cohort of 48,556 subjects with type 2 diabetes first diagnosed between 1996 and 2006, drawn from 197 family practices in the United Kingdom General Practice Research Database. There were 6,630 deaths observed. Expected mortality was estimated from United Kingdom life tables. Relative mortality was modeled using Poisson regression. In men with diabetes, from 1996 to 2006, the age-standardized all-cause mortality rate decreased by 0.82/1,000 per year (95% confidence interval (CI): 0.36, 1.27) and by 0.49 (95% CI: 0.29, 0.68) in women with diabetes. After adjustment for age, sex, and diabetes duration, there was a consistent decrease in relative mortality during the period of study. Relative mortality for subjects diagnosed in 1996 was 13% (95% CI: 2, 25) higher than that in 2001; for subjects diagnosed in 2006, relative mortality was 26% (95% CI: 8, 40) lower than that in 2001. Relative mortality of type 2 diabetes appears to be decreasing in men and women in the United Kingdom.
The prevalence of type 2 diabetes is increasing worldwide. In the United States, the age-adjusted prevalence of known diabetes mellitus increased from 2.8% in 1980 to 5.3% in 2005 (1) . In comparison with the general population, subjects with type 2 diabetes have considerably increased mortality (2, 3) , and there is concern that the increasing prevalence of diabetes and associated conditions may lead to a reduction or reversal in the present improving trends in life expectancy in higher income countries (4) (5) (6) . One recent analysis suggests that a reversal of mortality trends may already be taking place in poor communities (7) .
Several studies show that mortality in type 2 diabetic persons is now declining, with a greater decline in men than in women (8, 9) . The significance of this decrease is unclear, because mortality rates have also been declining in the general population (10, 11) . The concept of relative mortality is used to compare mortality in a given study population with mortality in the general population; relative mortality is the ratio of mortality rates in study and reference populations. In their comprehensive review up to 1995, Geiss et al. (3) concluded that the age-adjusted mortality of persons with diabetes may be up to twice that of persons who do not have diabetes. The aim of the present study was to determine whether the relative mortality associated with type 2 diabetes changed between 1996 and 2006. We estimated the relative mortality of a United Kingdom population-based cohort of subjects with newly diagnosed type 2 diabetes by comparing observed mortality with the mortality expected for people of the same age and sex in the United Kingdom general population.
MATERIALS AND METHODS

Design and subjects
We analyzed data from the United Kingdom General Practice Research Database (GPRD), a large database including electronic patient records for approximately 5% of United Correspondence to Dr. Martin Gulliford, Department of Public Health Sciences, King's College London, Capital House, 42 Weston Street, London SE1 3QD, United Kingdom (e-mail: martin.gulliford@kcl.ac.uk).
Kingdom family practices. In the United Kingdom, there is population-based provision of primary care, with 98% of the population being registered with a family practice. The quality of GPRD data has been shown to be good (12) . The study protocol was approved by the Independent Scientific Advisory Committee for Medicines and Healthcare Products Regulatory Agency (MHRA) Database Research (protocol number 07-019). Data from this study have been reported elsewhere (13) .
The present longitudinal study included all 197 family practices, with a registered population of approximately 1.63 million, that contributed data to GPRD continuously between January 1, 1995, and December 31, 2006 (13) . We selected the population aged 30 years or over, because most subjects diagnosed at younger ages have type 1 diabetes. Prevalent cases of diabetes were identified from the electronic clinical record if they were ever diagnosed with diabetes or prescribed oral hypoglycemic drugs or insulin. A diagnosis of diabetes was identified if a medical diagnostic code for diabetes was documented in the electronic medical record. Details of the codes used are available from the authors. The date of diagnosis was identified as the earlier of the first medical diagnosis for diabetes or the first medical prescription for hypoglycemic drugs. Only subjects newly diagnosed between January 1, 1996, and December 31, 2006, were included in the cohort, and subjects entered the cohort on the date of diagnosis. All subjects therefore had a minimum of 12 months' record before the date of diagnosis of diabetes. The end date for the analysis was March 30, 2007 , the date of the latest data collection. Incident cases that were ever diagnosed with type 1 diabetes or prescribed insulin within 6 months of diagnosis were excluded as cases of type 1 diabetes. Dates of death were ascertained from the electronic medical record. A previous study has shown that mortality rates can be reliably estimated from GPRD records (14) .
Analysis
Age-standardized mortality rates for men and women in the United Kingdom general population were estimated by using Interim Life Tables for the United Kingdom. This was done because mortality rates are not published for the United Kingdom but are only issued for the constituent countries (England and Wales, Scotland, and Northern Ireland). United Kingdom life tables are published annually based on deaths and population estimates for successive 3-year periods (14) . At the time of analysis, the most recent life table covered the period [2004] [2005] [2006] , and these data were used for both 2005 and 2006 . Expected deaths were estimated by applying the probability of mortality in the interval to the standard population. For comparison, age standardization was also performed by using age-and sexspecific mortality rates for England and Wales giving similar results. Age standardization for the United Kingdom general population was implemented for the population aged 30 years or over in 1-year age groups. The European standard population is published in 5-year age groups. We assumed that the standard population was equally divided among years of age within 5-year age categories. Age standardization for the diabetes sample was implemented by using the age groups 30-44, 45-54, 55-64, 65-74, 75-84, and 85 years, and rates were estimated by year of death. These were chosen to facilitate presentation and because the data for deaths were spread across 11 years of study. Year of death was estimated as year of diagnosis plus number of completed years since diabetes diagnosis. The European standard population was used for reference, and confidence intervals for age-standardized rates were estimated by using the ''normal'' approximation to the binomial distribution.
In order to estimate relative mortality in diabetes, we compared the observed survival of subjects in the diabetic sample with the expected survival of subjects of the same sex and year of age, for the same calendar year, in the United Kingdom general population. The United Kingdom Interim Life Tables were used for reference (15) . The ''strs'' command in STATA, version 9, software (StataCorp LP, College Station, Texas) was used to estimate expected deaths and person-years at risk by age group, sex, year of diagnosis, and duration of diabetes (16, 17) . Relative mortality was estimated as the ratio of observed and expected mortality; this is equivalent to the standardized mortality ratio. Confidence intervals for relative mortality were estimated based on the Poisson distribution. A Poisson regression model for observed deaths was fitted to the grouped data, with expected deaths as offset, to estimate the associations of relative mortality with age, sex, duration of diabetes, and year of diagnosis. Tests of significance are 2 sided throughout.
RESULTS
There were 48,579 subjects with newly diagnosed type 2 diabetes between 1996 and 2006, and there were 6,635 deaths during the period from January 1, 1996, to March 30, 2007 . After omitting 23 cases with missing age or discrepant values, we analyzed data for 48,556 cases and 6,630 deaths (13) . Figure 1 shows mortality rates for men and women aged 30 years or over. Data are presented for the diabetes cohort and for the United Kingdom general population, standardized to the distribution of the European standard population. Data for 1996 were omitted as the 58 deaths occurring in this year were considered to be too few to provide stable estimates for age-standardized rates. Mortality rates declined in the general population, but mortality rates observed in the diabetes cohort declined more rapidly, consistent with higher relative mortality from diabetes in 1997 than in 2006. Mortality rates were higher in men than women, and the decline in diabetes mortality generally appeared to be more consistent in men than women. However, relative mortality was higher in women. In diabetic subjects, the annual decrease in the age-standardized mortality rate per 1,000 was 0.82 (95% confidence interval ( Table 1 presents data for deaths, person-years, and relative mortality by year of diagnosis and duration of diabetes for men and women. The estimate for relative mortality represents the ratio of observed deaths to deaths expected if general population mortality rates were applied to a sample of the same age and sex. Approximate expected values are given by observed deaths divided by relative mortality. Relative mortality was highest in the first 2 years after diabetes diagnosis and declined as the duration of diabetes increased. Relative mortality declined with increasing year of diagnosis, and this was generally consistent for each duration of diabetes. Note that relative mortality data are standardized to the age distribution of the diabetes sample that has a different age structure from that of the European standard population used for the rates presented in Figure 1 . Table 2 shows the results of the regression model for relative mortality. The model leads to the estimation of a ratio comparing relative mortality in different groups. This model showed that the relative mortality associated with type 2 diabetes was higher for women than men. Relative mortality from diabetes was greatest in the youngest age groups and declined with age. Relative mortality also declined with increasing duration of diabetes. After adjustment for age group, sex, and duration of diabetes, it was clear that relative mortality declined with increasing year of diagnosis.
Relative mortality for subjects diagnosed in 1996 was 13% (95% CI: 2, 25) higher than for subjects diagnosed in 2001; for subjects diagnosed in 2006, relative mortality was 26% (95% CI: 8, 40) lower than for those diagnosed in 2001.
A test of interaction showed no evidence that the effect of year of diagnosis differed between men and women (P ¼ 0.385). Table 3 presents data for relative mortality by age at diagnosis and duration of diabetes for men and women combined. Relative mortality was highest in the youngest age group and decreased with age. Relative mortality was high close to diagnosis of diabetes and declined as the duration of diabetes increased. In the youngest age group, relative mortality later increased as the duration of diabetes increased, but this was not observed in older age groups. A test for interaction between age at diagnosis and duration of diabetes gave P < 0.001. Data for durations of diabetes of 10-11 years were not presented as there were too few cases. Durations of diabetes longer than 11 years were not represented in the sample.
DISCUSSION
Interpretation
The present results suggest that relative mortality in type 2 diabetes may be declining over time in the United Kingdom. Although decreasing relative mortality has some potential to moderate the anticipated impacts of diabetes on life expectancy, the outcome will also depend on trends in the prevalence of diabetes at different ages (4-6). There are several possible explanations for the decline in relative mortality of type 2 diabetes. First, long-term declining trends in mortality from coronary heart disease and stroke (18) (19) (20) , as well as decreasing exposure to risk factors including cigarette smoking, may have had a differentially important impact on the Relative Mortality in Type 2 Diabetes 457 mortality of diabetic subjects. However, some studies suggest that diabetic populations may not have benefited from these favorable trends (21) . Second, active case finding and screening for type 2 diabetes have been encouraged in recent years (22) . The impact is uncertain, but this may have facilitated the rapid increase in clinically diagnosed diabetes with declining age at diagnosis of diabetes (23) . Diabetes may now be ascertained at an earlier stage, before complications are established, leading to an improved early prognosis consistent with lead-time bias. Third, results of large clinical trials have provided evidence to support medical intervention to control blood glucose (24, 25) , blood pressure (26) , and cholesterol (27, 28) with the aim of reducing complications and mortality. Combinations of interventions may be particularly effective at reducing mortality (28, 29) . Improving standards of chronic illness care have contributed to increasing uptake of these interventions. There may also have been increased use of statins and antihypertensive therapy before the diagnosis of diabetes, contributing to improved prognosis (13) . All of these developments have the potential to modify the excess mortality associated with type 2 diabetes.
Higher relative mortality from type 2 diabetes at younger ages has been documented in previous studies (3) and was confirmed here. This suggests that the relative impact of diabetes is greatest at ages when the underlying risk of mortality in the general population is lowest. In older adults, in whom mortality risk is high, the relative impact of diabetes is smaller. Our data suggest that subjects who survive to be newly diagnosed with diabetes in old age may represent a particular group with lower mortality risk.
Higher relative mortality close to the time of diagnosis is consistent with other studies that show a considerable excess of ischemic heart disease and cerebrovascular disease events around the time of diagnosis of diabetes (30) . It will therefore be relevant to explore whether the clinical context of diabetes diagnoses is changing over time.
Strengths and limitations
This study has the strength of a large sample drawn from a population-based database. In the United Kingdom, there is population-based provision of primary care with universal eligibility and access to primary care. Previous studies of mortality in the GPRD suggest that mortality rates are similar to those observed in vital registrations (14) . By utilizing a cohort design including incident cases of diabetes, we were able to estimate separate associations of duration of diabetes and year of diagnosis of diabetes with mortality, and this is generally not feasible if prevalent cases are utilized. However, the cohort was followed for a maximum of 11 years, with shorter follow-up for more recently diagnosed cases, and we have not evaluated trends for longer durations of diabetes. Estimation of relative mortality requires that the condition of interest and deaths from the condition of interest have negligible frequency in the reference population, and this assumption may be less satisfactory for type 2 diabetes than for rare conditions, leading to underestimation of relative mortality. However, if the prevalence of diabetes is 5% and relative mortality is 2, then this underestimation would be about 10%. A different approach would be to sample control subjects from GPRD who were never diagnosed with diabetes. However, subjects selected because they were never diagnosed with diabetes have considerably lower comorbidity than subjects who later develop diabetes, and the former may provide a biased comparison group (31) . Identification of diabetes cases was based on clinical diagnoses. There may have been subjects included that later reverted to normal glucose tolerance; however, subjects with subclinical diabetes were not included. We did not have recorded information about socioeconomic position or ethnicity. It is possible that favorable trends in relative mortality are not shared equally by all groups in the population, but we were not able to evaluate this possibility. We also note that this study generally had lower power to evaluate relative mortality in the youngest or oldest age groups or at longer durations of diabetes. Analysis of cause-specific mortality would yield additional information that would aid in interpretation of the present observations. However, causes of death are not immediately available within GPRD. Linkage of vital registration data would therefore be informative.
Our regression-based estimates of relative mortality appear to be lower than those obtained through direct comparison of the age-standardized rates shown in Figure 1 . However, as noted by Greenland and Rothman (32, p. 262), the 2 estimates are not directly comparable because they are standardized to different age distributions. The diabetes sample has an older age distribution, and this gives greater weight to age groups with lower relative mortality. For the same reason, it is difficult to compare estimates of relative mortality between studies because relative mortality is highly dependent on age, being more than 3 for those diagnosed at ages 30-44 years but close to 1 for subjects diagnosed at the age of 85 years. Increased relative mortality close to the time of diagnosis is consistent with the increased incidence of cardiovascular events at this time (30) . Because the diagnosis of diabetes may be less secure in some cases, we repeated the analysis after excluding 399 women initially diagnosed with ''diabetes in pregnancy'' and 3,126 men and women whose initial diagnosis resulted from the recording of a drug code unaccompanied by a medical code. This analysis led to no material difference in interpretation.
Comparison with other studies Geiss et al. (3) found that overall relative mortality in type 2 diabetes was about twice that for subjects without diabetes. However, estimates from individual population-based studies ranged from 1.2 to 8.1 depending on age, sex, and country of origin. Many of these estimates derived from data collected from the 1980s or earlier. Mulnier et al. (2) also estimated a 2-fold higher mortality for diabetic subjects in GPRD compared with age-and sex-matched controls never diagnosed with diabetes. These were prevalent cases sampled from 1992 and may have been diagnosed some years earlier. Given a declining secular trend in relative mortality, the results of the present analyses are consistent with those of these earlier studies. Estimates of relative mortality in type 2 diabetes from other data sources will be of interest.
Conclusions
Relative mortality from type 2 diabetes is declining in men and women in the United Kingdom. As well as showing temporal trends, relative mortality from type 2 diabetes is also associated with age and duration of diabetes. It is possible that this decline is explained by improving long-term trends in incidence and mortality from cardiovascular disease, as well as by earlier diagnosis and improved case management, but the roles of the different explanations remain to be determined. Estimates of the overall future impact and burden of type 2 diabetes may need to be reconsidered. The extent to which improvements in relative mortality are equitably distributed also requires study.
